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STUDIES ON THE SOU-INHABITING TARDIGRADE, MACROMOTUS 
CF. PSEVDOHUFHIAM )/. FROM SOUTH AUSTRALIA 

by Ai.an K Bird * 


Summary 

Bikd, A.I - (10961 Studies on ihc soil-inhabiting tin digrade. Ahuwhintiis cf p/ufmltihnleltunll , (nun South 
Australia. Tilin'.. K. hot. S, Aim. 120 (4), 147-151, 29 November. 19%. 

A lurdigr.idc isolated from iigriculnnal soils at Avon is the lirsi member of this phylum to he described from 
South Australia. S|>eciinCils were isolated (rum lieshly-eollecled soils ami hum soil that had been stnrerl illy for 
three years. 

lave and Used specimens were examined under the light microscope and fixed, stained and eold-coated 
specimens were examined using the scanning electron microscope. 

I his tardigrade, a stout cylindrical organism about 500 pm long by 150 pin wide with the lour pairs ol stubby 
legs ending in palled claws, has been assigned to the species Wf /(moioUo cl. /w< Iiilohuji'litiuh nil die basis ol 
Ihc morphology of the biieeopliarnygcal apparatus, claw shapes and egg processes. The stylets are slightly 
curved, sabre-.shaped structures about 40 pm in length and exhibit marked birefringence under polarized light. 
When these taidigindcs are killed the stylets break dow n and disappear 
A specimen ol' M. cf was observed feeding on a nematode and a significant decrease m the 

niiniher of nematodes in the soil as the number of uidigrades increases Inis been demonstrated. 

Kt v Woitus: Miwmhiiwtx cf. fixfutlolmjelaiuli. ttnhydrobiosis. mieroseopy. tardigrades, birefringence, 
hiocontrol, 


Introduction 

The liifdigtuclcs oi wider bears belong to n discrete 
phylum, Tartligrada. of cosmopolitan distribution 
from diverse habitats including marine, fresh wtilcr 
and lerreslrud environments. The majority are 
Ihoughl to live in water films surrounding the 
"leaves” of mosses and lichens I hey are microscopic 
(with adults commonly ranging in length from 200 
5IH) pm), are plump and cylindrical in shape and have 
lour pairs of slobby legs ending in claws. They may 
or may not have eye spots. 

In Australia latdigradcs have been recorded front 
(Jneenslund, New South Wales. Victoria, Western 
Australia and Tasmania bill not fiom South Atistiulia 
(Medlines 1994). 

In this paper I report upon the morphology and 
some aspects of the behaviour of a tardigrade 
isolated from agricultural sandy loam soil from 
Avon, South Australia. 

Materials and Methods 

Ltu nhiy anti v ml type 

The Iardigrades were isolated from a soil of sandy 
loam texture classified as a soloni/.cd brown earth 
(Australian soil grouping) or as an emisol (US soil 
classification!. The locality was an experimental plot 
on a larm al Avon (lalilmle 54 14' .S . longitude 

ITS 19’ B) which was direct drilled and had a 
wheat/wheut mlatinn 


2 Plus lord Ruud Mitcham S. Aust. 5062. 


Soil coles (diliin. 5 cm. depth 10 cm) were 
collected and mixed in a plastic bag. The sample 
mostly used in these experiments was collected in 
July 1994 and had been stored dry at room 
temperature for three years. However. freshly - 
colleeted soil from the same site on 29 iii. 19% prior 
lo I lie autumn tains was also used lot comparison. 

lAliaelion fivin .xoil 

Alter thorough mixing of I he soil, 50 g aliquots 
were placed in a misting apparatus fur three days 
(Yeates it Bird 1994). This procedure was replicated 
in quadruplicate and, after three days, llte collecting 
lubes were removed and their contents allowed lo 
settle for l h after which the supernatant was 
removed by suction lo within 2.5 cm of the bottom of 
the lube. This extraction procedure was used for all 
soils, whether freshly-collected or stored. 

Cnuniine 

T he contents of each tube were poured, after 
vigorous shaking, into a counting chamber I Doncaster 
1962). I hc tardigrades gravitated lo the floor of the 
counting chamber be! ween the rings and were counted 
tindet a dissecting microscope. 

Liyln miawivp) 

T he tardigrades were examined undei bright field, 
polarized light and diliercniial interference contrast 
(Nomarski) optics rising a Vanox Olympus AHBT 
research microscope. 

i iving tardigrades were examined in distilled water 
under a covers!ip sealed al its edges with nail varnish. 
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•Specimens were fixed by adding an equal volume 
ol boiling double strength FA 4:1 (20 nil 40% 
formaldehyde and 2 nil glacial acetic acid in 78 ml 
dislilled vvalci) in a lest inhe to a shaken suspension 
of the tardigrade* in distilled water, also in a test 
lube. These specimens were processed to pure 
glycerol hy Seinhorsl'.s (195 1 .'I method and mounted 
in anhydrous glycerol on slides sealed to a coverslip 
by molten paraffin as described by De Maeseneer & 
IVHorde (I0b3) and then ringed with Lutetian 
(Merck). Both living and lived material were 
photographed using Ilford Delia 4(H) film 

.Siv/nu/ng lit'rimi) m/rn>.veo/n 

For observations under Hie scanning electron 
microscope (SKM). the lived material was washed 
repeatedly in dislilled water, post-fixed and stained 
in 1% aqueous osmium lelroxide. washed repeatedly 
again in distilled water, immersed in filtered fresh ly- 
made saturated aqueous llnoearbohydrazidc lor ,40 
min followed hy repealed washings in distilled water 
and a repetition of the osmium fixation. This 
osmium-binding technique (Kelley ri al. 1973) was 
followed by furl her washings in dislilled waler. 

Specimens were fiee/e-dried by placing them 
between membrane filters which were frozen rapidly 
by placing them in a slurry of Ireon cooled by liquid 
nitrogen. The fillers with al inched I a it I i grades were 
then transferred rapidly to n freeze drying machine 
and l’rcc/c-dricd at -70" ( over a period of ihrcc 
days. This dried material was then mounted on a 
glass coverslip attached to an Sb„VI stub and coated 
with 30 mu of gold to enhance sinhiliiy and 
conductivity. I lie material was then examined and 
photographed in a Cambridge S 230 Mk 3 SUM 
upended in 20 kV using Ilford 120 roll film (FP4 
Plus). 

/■W’f/l/lg <• Xpi’illlH'lll v 


pseutloluiji'lnihli would feed on k'hi:.ik rmiiii sn/uni, 
and ilins possibly implicating the tardigrade in 
suppression of this plain pathogen in the field, were 
made using A*, w ilunl grown in culture media in Peln 
dishes. Speeimens ol M. ef, psetuMwJrluntli dial had 
been washed repeatedly in sterile distilled water by 
centilitigation in an cll'oil lo .surface sierili/e them, 
were pouted on lo Hie fungal plates under aseptic 
conditions in a laminar flow cabinet. 

Results 

Morphology 

Both living and fixed specimens of the tutdigradc 
isolated from I he Avon soil were examined and 
measured. Measurements of the lengths and widths 
of ten speeimens each of fixed and living material 
showed, us might he expected, lhal some shrinkage 
had occurred in the fixed malcrial. Measurements of 
llie living material were made only on .specimens lhal 
had iheir lips and mouth parts retracted since Ibis 
was the state observed in all fixed or dead mulct iul. 
The mean length of living specimen* was SI 1.4 ± 

47.7 pm (range 428-5S0 pm. Table I) and that of 
fixed material was 423.2 ±48.3 pm (range 3(4]-300 
pm). Similarly, Hie width of die living speeimens wits 

154.7 ± 15.3 pm (range 128-172 pm. Table 1) 
compared wild Ml.2 £ 13,3 pm (range HIS-148pm). 

The lateral view of the living tardigrade vviih its 
nioulh everted and showing tine of each of die four 
pairs ofslphhy legs ending in claws i Pig. I) together 
with the eharaelerislie internal structure of the 
anterior region (Fig. 2) and the claws at the 
extremities of I he fourth pair of legs (Pigs 3, 4) are 
shown as viewed under die ligla microscope 

The fixed tardigrade in venlro-laleial view with the 
mould region inverted hut showing all four pairs of 
legs with their claws (Fig, 5) and die uliriisirueture of 
the claws on the second leg (Fig. 6) are shown as 


Attempts to determine whether or not M. ef. viewed under ihe SF.M 


'I'MiI I I Mai'iiin'mnil\ of living Maeiiilimlux (•/ psni.InliulH’indi 
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big. I Whole living MiU'nthioms cf. pteudohufekmdi. Bright field optics. Ltitentl view showing everted sucking mouth 
lm), eyespot ie| mid one of each of the tour pairs of legs with terminal claws (arrows labelled 1-4 from Imm In rpar). 
The fourth leg is posterior and .suhlerinmal. Scule bar - 100 pill, 

Fig, 2. Everted bead of living Miii rnhiniiix el. psemhihujl'lumli. Bright Field optics showing mouth (ml. buccal lube (hi. 
stylets (s), slylel support (ns), pharynx (p), inacropluenids I tt 12 and mieroplueoids (arrowheads from lop to bottom). 
Seale bar =1(1 pm. 

lag. V Posterior region of Mucruhlaln.s cl. i>srttiU>hnlt'ltiiult. Bright held optics showing claws ol the 4lh legs (arrows). 
Scale hat = Id pm. 

big 4. Single daw from the 4(h leg of Mmtuhiums el. i>\eiuh>luifi'lniuli. Note basal plate at base ol claw (arrow). Scale 
bar = 10 pin. 
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A TARDIGRADE -ROM SOUTH AUSTRALIAN SOIL 



Fig. 7. Living Manvhwtus ef. iiwitdoliufcUmdi viewed under polarized light A Whole specimen. Note birefringence nl 
■sij. lots fs>, gui contents and muscle attachments to legs (arrow heads). One o( (lie two eyes (el is also shown. B. Inset 
showing an eye (c i aial the pmrn united birefringence of the two stylets. Scale bars - 50 pm A. 10 pm R 


Although Tor general purposes bright Held optics 
were round lo be more convenient than the other 
systems used, sly lei structure was much more 
obvious in living tardigrudes under Nomarski and 
polarized light oplies than under bright held. Stylets 
were, however, clearly observed under all three 
optical systems provided (hat the lurdigrade was 
alive. In both dead anil fixed material, the stylets lose 
their integrity and appear lo break down. 

When viewed tinder polarized light (lug. 7) the 
stylets exhibited marked birefringence indicating a 
regular structural orientation. The stylets are slightly 
uirved, sahrc-slitiped structures about 40 pm in 
length (bigs 2, 7B). When die lartligrades Were 
subjected lo oxygen deprivation on sealed slides, the 


styler birefringence gradually disappeared and was 
entirely lost over a period of several hours as the 
stylets broke down. Muscles and intestinal contents 
exhibited birefringence Lo a lesser extent than the 
stylets (Fig. 7). However, the muscles and intestinal 
contents retained their integrity and birefringence 
alter stylet break down. Stylet break down also 
occurred during fixation which accounts for their 
absence in camera lucida drawings of fixed material 
in the literature. Thus stylets can only be observed in 
living material. 

The buccal tube (Fig 2. Table I) is 40.25 pm long 
x 5 I pm wide '(percent ratio to the length of die 
buccal lube (pit - 12.071. The stylet supports (Fig. 2, 
Table I I arc inserted al SI'4 of the buccal tube 


Fig. 5 Whiile. fixed ami uiilil-coaicd specimen ol Mtinohltiuts rf. i>sfttdi)liulrluiltli, SUM photograph showing four pairs 
of 1cj;s with Clyws (arrow'v labelled 1-4 from I rout lo reur). Seale bai = IMI (Jiiv 
l io. <>. SI M photograph of a 2nd Icy. Nolc two wo of double branched claw* The inner branch in each daw carries two 
ncce.ssory puims (small arrows), the basal plate al Ihc base of ihc claw is seen here* as a rounded thick citing (larger 
amiW). Scale haT 4 pin 
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Fig. 8 Crushed egg of Macrobiolus cf. pseitdohufehmdi 
lying within the moulted cuticle (me). Bright field optics 
showing the “cooling tower”-shaped projections on the 
surface of the egg shell (arrows). Scale bar = 10 pm. 

length. The pharyngeal bulb is 37.4 pm long x 34.4 
pm wide, has apophyses, two pairs of rod-shaped 
maeroplacoids and a pair of tnicroplacoids. The 
maeroplaeoids differ in length, the first being 10.75 
pin long (pt = 26 71) and the second 6.0 pm (pt = 
14.91); the microplacoids arc 2.9 pm long (pt - 
7.21) The claws (Figs 3. 4. 5, 6, Table I) have 
smooth basal plates (Dastych & Alberti 1990) and 
well-developed accessory points on their inner 
branches. The length of the fourth foot claw is 8.25 
pm (pt = 20,50). The egg, enveloped by the shed 
cuticle, (Fig. 8) has numerous “cooling tower’’- 
shaped projections on its surface which protrude 
about 5 pm 


Taxonomy 

This tardigrade was, using available keys and on 
comparison of measurements, determined as 
Macrobiolus luifelaiuli Sehultze, 1834. This species 
is cosmopolitan (Schuster & Grigarick 1965). 
However, measurements and slides were sent to a 
tardigrade taxonomist (S. Claxton) who kindly 
examined the material and considers that this 
tardigrade most closely resembles Macrobiolus 
pseticlohufelamlt lharos, 1966 and should be 
assigned tentatively to this species (S. Claxton pers. 
comm.). Accordingly, the Avon tardigrade has been 
identified as Macrobiolus cf, pseiuloiliifelainli 
subject to further deliberations by taxonomists. 

Behaviour 

Specimens of M. cf. pseudohitfelandi were placed 
in Petri dishes containing the plant pathogenic 
fungus Rhizoctonia sohini. Although some of the 
lardigrades lived for several weeks, they were not 
observed to feed, grow or reproduce on the fungus. 
Furthermore, no significant differences were 
observed in the logarithmically transformed numbers 
of this tardigrade isolated from soil that exhibited 
suppression of this fungus compared with the 
tardigrade numbers, logarithmically transformed, 
isolated from soil that did not exhibit suppression of 
the fungus (/; < 0.05) (Table 2 ). However, there does 
appear to he a significant inverse linear relationship 
between the numbers of M cf. psetuloluifelanili in 
the soil and the numbers of nematodes (p < 0.001), 
Furthermore, a specimen has been obtained alive 
from the soil that was in the process of feeding on a 
nematode (Fig. 9). In soil that had been stored dry for 
three years, there was a marked decline in the 
numbers of nematodes (4 ± 2.9 15 0 g soil) compared 
with the number of lardigrades (34 ± 5.8 /50 g soil). 

Discussion 

The first recorded observation of a tardigrade was 
by Goeze (1773) (cited by Nelson & Higgins 1990) 
who referred to them as "little water bears" ( Kleim r 


Tabi e 2, The 

relationships between 

lardigrades and nematodes 

in Rhizoctonia-, suppressive 

and Rhi/oclonia-iuw 

suppressive soils 




Soils 

'lardigrades 

Nematodes 

Tardigrades 

Nematodes 


Mean 

Mean 

log mean 

log mean 


counts* SD 

counts* SD 

counts 

counts' 

Suppressive 

Non- 

19 ±9, 

1 401 ± 108 

2.81 

5.97 

suppressive 

32 ±4.8 227 ±149 

3.44 

5.25 


*SEI) = 65 2 


+ SED = 0,346 
; LSD = 0.75 
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l ip. 9 I lend region ul .1 living Mw ivhiolii\ cf pstiidnmljc- 
ktntlt. PluilnjrrupliPd in (tic process ol feeding on .1 iiema- 
inili- llrigln livid optics showing month inn ;«ml nema¬ 
tode 01). Vale hi.i = III pill. 

Wt/vyer Kir), Three years lalcr. Spallanzani (1776) 
1 cited In Nelson & Higgins 1990) called llieni "slow 
steppers' or II Tunltynidu which gave rise to the 
phylum mime used today Because of their 
characteristic morphology, the lardigrades tire 
recognized today as belonging It' :i discrete phylum, 
they probably evolved more than 500 million years 
ago in (lie Cumbrian period when then: was an 
explosive diversification ol eukaryotic organisms. 
Allhough the Avon tardigrade clearly belongs to (lie 
liiiffhinili grouping in the genus Mtinvhwius 
iBertolani & Kcbecchi 1993) ils specific taxonomic 
identity is subject to further deliberation, this 
lurdigtade lias -ximil.it measurements to a population 
of M. el iisruiliihiiji’ltindi that includes specimens 
In nil WA (S Clasloii pels, comm ). Thus, despite the 
lad that they have "cooling tower "- shaped egg shell 
projections dial are more like those illuslraled for M. 
IwJ'idaudi (Nelson Hi Higgins 1990) than those 
illuslraled lor M. psaiilollujcluitdi by Ramu/zold & 
Mailsci < 19X31, which have much broader bases, they 
are tentatively assigned to M. cl. pstltd'dlti.li'loiufi (S. 
Claxlon pers. comm.). 

The ability of lardigrades to survive in a wide 
range of environments and their world wide dispersal 
niusl be due in no small way to their ability to entei 
into an anhydrobiolic stale, a function that they share 
with some nematodes and rotifers. I have shown dial 


M. cf. pxciidohujcUindi can survive for at least three 
years in dry soil maintained at room temperature. 
This was the maximum time tested and 11 seems 
likely that these creatures could survive for much 
longer under these conditions, since it has been 
reported (Keilin 1959) that survival times of up to Hi 
years can occur Indeed, recovery hut nol survival, 
has been reported to occur after 120 years of 
anhvdrobiosis (Trnnchesehi 1948 ciled by Crowe 
1971 ) 

Anhydrobiosis is widespread in Phylum 
Tardigruda and it is thought that the disaccharide 
trehelose functions to protect these organisms since 
it accumulates within them as they are exposed to 
desiccation (Westh & Ramlplv 1991). In this respect 
lardigrades resemble those nematodes that exhibit 
anhydrobiosis (Madia A: Crowe 197.8). In their 
morphology, of course, they are completely ddleiem 
and Ibis is reflected in their different behaviour when 
observed m water under a eoverslip. For example, M. 
cf. f>.<t‘udnhufclmdi is able 10 push its way through 
an air bubble. I his is a capability that I have never 
observed in a nematode. 

The composition of the two sabre shaped stylets 
does not appear to have been studied in detail and 
they are abseni from camera lueida drawings because 
they break down and disappear in fixatives. 
•Similarly, they break down on tire nauu'al death of 
the animals caused by anoxia on sealed slides. Il 
scents strange lhai structures which, in the course of 
predation and feeding, can penetrate both plant and 
animal tissues, should be so fragile. 

In ihe living stale, the stylets arc readily observed 
tindei all optical systems. However, when viewed 
under polarized light they exhibit marked 
birefringence indicating a regular structural 
orientation. Il lias been mentioned in the literature 
that die slylels tire calcareous (Kaeslner 1908) so 
their birefringence is probably crystalline and then 
break down under anoxic conditions might be due to 
an increased internal acidity leading to the 
dissolution of calcareous structures such as the 
stylets. Clearly such an hypothesis requires further 
testing, 

Mtirmbionix cl. pseiitlohujcdtindi was nol observed 
to feed on the plant pathogenic fungus Rhizoftoniu 
\f dtwi and I conclude that the tardigrade which I 
have found ill large numbers in agricultural soils in 
South Australia probably does nol feed on this 
fungus in Ihe Held but preys on other small soil 
organisms such as nematodes. 

The ability of lardigrades lo prey on nematodes lias 
been recognized lor some dine. In 1909 ,Sayre 
showed that the tardigrade llypxibiux niymp.s could 
be cultured using (he free-living nematode 
Puriasnlhtx rcdiiinix us prey (Sayre 1909). 
Iiitlhermore. Sayre (1909) showed that II myrnpy 



was able in feed on (he plant parasitic nematodes 
incoynilu and Dilylenvhus tli/tsari. 
Sayre (1969) concluded that “under certain 
circumstances, (tardigrade* may) give some control 
and these need to be investigated'' A major draw 
back to this work was that it was conducted ill a 
moist environment using moss as a substrate. This is 
a lar cry from the normal environment of the plant 
parasitic nematodes that Sayre used in his 
experiments. 

The tardigrade that 1 have reported upon in this 
paper comes front a true agricultural soil 
environment where it has to survive extremely harsh 
and variable conditions. Under these conditions, it 
may have the capacity to reduce nematode 
populations although the decline in the numbers ol 
nematodes compared with the number ol tardigrade* 
may reflect the anhydrobiotic capabilities of the 
tardigrades compared with those ol the mixed 
nematode population rather than predation by the 


tardigrades. However, M. el. pxcuiloiutfeUiiuli may 
be an effective biocontrol agent, although little is 
known of its nematode food preferences and a more 
quantitative assessment of its potential for hiocontrol 
of plant parasitic nematodes is needed. 
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